Under the usual circumstance of ingestion of an acid ash diet the normal individual is faced with a deficit of available base. Those stores of circulating bicarbonate which enter the glomerular filtrate along with other crystalloids of the plasma are carefully conserved; only minute amounts are lost in the urine. But when an alkaline ash diet is ingested or sodium bicarbonate is administered, supplies of available base exceed the needs of the body, and the excess is excreted in the urine as bicarbonate. Reabsorption and excretion of bicarbonate constitute, therefore, the primary renal means of defending the body against depletion and expansion of its alkali reserve. In contrast, the excretory processes are somewhat less impressive, although more than 100 grams of sodium bicarbonate have been ingested and excreted per day on certain therapeutic and experimental regimes.
Under the usual circumstance of ingestion of an acid ash diet the normal individual is faced with a deficit of available base. Those stores of circulating bicarbonate which enter the glomerular filtrate along with other crystalloids of the plasma are carefully conserved; only minute amounts are lost in the urine. But when an alkaline ash diet is ingested or sodium bicarbonate is administered, supplies of available base exceed the needs of the body, and the excess is excreted in the urine as bicarbonate. Reabsorption and excretion of bicarbonate constitute, therefore, the primary renal means of defending the body against depletion and expansion of its alkali reserve. The quantitative importance of the reabsorptive processes in the economy of the human body can be illustrated by a simple calculation. Approximately 190 liters of plasma, containing on an average 25 milhmols of bicarbonate per liter, are filtered through the glomeruli in 24 hours (20) . Thus, 4,750 millimols of bicarbonate, or 400 grams when expressed as the sodium salt, are tentatively excreted into the tubular urine each day, roughly 5 times the total body store of available base. A little over 2 millimols are excreted per day in 1.5 liters of urine of pH 6.0. Thus the reabsorptive mechanism is 99.95 per cent efficient under ordinary conditions.
In contrast, the excretory processes are somewhat less impressive, although more than 100 grams of sodium bicarbonate have been ingested and excreted per day on certain therapeutic and experimental regimes.
The present paper is concerned with two aspects of the renal regulation of acid base balance: 1, a quantitation of the relationship between the plasma concentration and the rates of tubular reabsorption and urinary excretion of bicarbonate; 2, an elucidation of the relationship between the mechanism for the reabsorption of bicarbonate and the mechanism for acidifying the urine.
METHODS.
Our experiments have been performed on normal female mongrel dogs trained to lie quietly with loose restraint on a comfortable animal board.
The dogs were routinely fasted for 16 to 20 hours before use, and were well hydrated at the start of each experiment by the administration of approximately 40 cc. of water per kilo of body weight by stomach tube. In several experiments plasma bicarbonate was reduced by the oral administration of 200 to 300 cc. of 3 per cent ammonium chloride per day for several days prior to the experiment. In all experimentIs plasma bicarbonate was increased by the intravenous of the urine concentration and the urine flow.
The difference between the quantity filtered and the quantity excreted is the quantity reabsorbed.
RESULTS.
Reabsorption and excretion of bicarbonate as a function of plasma concentration.
The relationship between the plasma concentration of bicarbonate and the quantity of bicarbonate filtered, excreted, and reabsorbed is illustrated by experiment 1 in table 1. The low plasma concentration, evident in the first 2 clearance periods of this experiment, resulted from the oral administration of 200 cc. of 3 per cent ammonium chloride per day for 6 days prior to the experiment. Because of the low plasma bicarbonate, the quantity filtered through the glomeruli per unit of time was relatively small, and essentially all (99.95 per cent) of that filtered was reabsorbed in its passage through the renal tubules.
The urine contained negligible quantities of bicarbonate and was highly acid, pH 5.20. As the plasma concentration of bicarbonate was increased in stepwise fashion by the infusion of solutions of sodium bicarbonate of increasing concentration, the quantity filtered through the glomeruli increased in proportion.
In the 3rd and 4th clearance periods as in the first two, essentially all the filtered bicarbonate was reabsorbed.
However, when the quantity filtered exceeded 2.0 millimols per minute, frank excretion of bicarbonate occurred (periods 5 to 8). A limiting rate of reabsorption amounting to 1.8 to 1.9 millimols per minute was attained, which did not vary appreciably with plasma concentration.
All of the bicarbonate filtered, above this limited quantity reabsorbed, was excreted in theurine.
Eighteen experiments similar to the one presented in table 1, comprising a total of 130 clearance periods, were performed on 4 dogs. These dogs varied considerably in functional renal capacity, their creatinine clearances ranging from 46 to 101 cc. per minute.
To compare these animals upon a more or less uniform basis, reabsorptive and excretory capacities were calculated in terms of millimols of bicarbonate reabsorbed and excreted per 100 cc. of glomerular filtrate. Such values for experiment 1 are given in the last two columns of table 1. The data collected in all 18 experiments are plotted in figure 1. It is apparent from this figure that when the plasma concentration was below normal (10 to 20 millimols per liter) essentially all of the filtered bicarbonate was reabsorbed, and the quantity excreted was negligible.
All animals behaved uniformly in this range of plasma concentration.
In contrast, variability in completeness of reabsorption was noted in the different animals within the range of 20 to 25 millimols of bicarbonate per liter of plasma.
Above 25 millimols per liter all animals excreted appreciable amounts of bicarbonate and the quantity excreted increased in linear proportion to the increase in plasma concentration.
The average reabsorptive capacity above the threshold for frank excretion was 2.5 millimols per 100 cc. of glomerular filtrate. 6 somewhat higher.
Dog 7 averaged somewhat lower than this mean value, dog
It is obvious from these data that the renal threshold for frank excretion approximates 25 millimols of bicarbonate per liter of plasma under the conditions of our experiments.
Two factors must be considered in making specific applicacations of this experimental datum.
The first factor is polyuria, necessitated in our experiments by our methods of urine collection.
Urine pH usually rises moderately as urine flow increases, especially if the initial reaction is acid (1)) and this increase in pH is accompanied by some slight elevation in the excretion of bicarbonate.
Thus our diuretic animals might be expected to have somewhat lower renal thresholds than those with more usual urine flows.
The second and more significant factor is that both the pattern and body store of electrolyte in our experimental animals were essentially normal except for the superimposed alterations in bicarbonate. In pathological states characterized by reduced plasma bicarbonate, it is usual to find a depletion of total body electrolyte, and common to find a disturbance of pattern as well (2, 12 figure 1 . Such a correlation is to be expected in comparing animals of differing renal functional capacities for an obvious morphological correlation exists normally between the extent of the filtering surface of the glomeruli and the reabsorptive mass of the renal tubules.
A question of more functional significance is whether or not in a given animal the tubular reab- Note that the quantity reabsorbed is expressed in millimols per minute.
All reabsorptive capacities were determined at plasma bicarbonate concentrations well above the renal threshold.
Filtration rate in a given animal was varied by fasting and by feeding meat.
sorptive capacity for bicarbonate varies with physiologically induced fluctuations in glomerular filtration rate. That reabsorptive capacity does so vary is evident from a comparison of experiments 1 and 2 in table 1, and from a study of the data in figure 2.
Experiment 1 was performed on a fasted animal some 16 to 20 hours after the last meal, whereas experiment 2 was performed on the same animal 3 hours after feeding 2 lbs. of lean chopped meat. Glomerular with periods at comparable plasma concentrations in experiment 2, it is apparent that the increase in filtration rate was accompanied by an essentially equivalent increase in reabsorptive capacity.
Consequently reabsorptive capacity expressed in millimols per 100 cc. of filtrate remained nearly the same.
In figure 2 the quantity of bicarbonate reabsorbed, expressed in millimols per minute, is plotted against the glomerular filtration rate, including all clearance periods from figure 1 in which the renal threshold for gross excretion had been exceeded. The line represents the reabsorption of 2.5 millimols of bicarbonate per 100 cc. of filtrate.
From this graph it is evident that there is a direct correlation between the tubular reabsorptive capacity and glomerular filtration rate in animals with differing renal functional capacities.
It is likewise evident in any given animal that functional increases in filtration rate are accompanied by essentially equivalent increases in reabsorptive capacity.
This latter finding is of significance in any interpretation of the reabsorptive limitation evident in figure 1. In the usual sense of the term, Tm or tubular maximum reabsorptive capacity, cannot be applied to bicarbonate, for the tubular capacity to reabsorb, al though limited and independent of plasma concentration at any given filtration rate, is nevertheless a direct function of filtration rate.
Interaction in the reabsorption of chloride and bicarbonate. The plasma concentrations of chloride and bicarbonate are normally maintained at their characteristic levels by the independent excretion of that anionic component which is present in excess. However, it has been repeatedly observed that total plasma anion2 concentration tends to be maintained in the face of marked alterations in anion pattern.
Thus in alkalosis produced by pernicious vomiting, plasma chloride is low and plasma bicarbonate correspondingly high (8) . Conversely in acidosis produced by diarrhea, plasma bicarbonate is low and plasma chloride correspondingly high (7) . It is reasonable to infer that the renal thresholds for these two anions are interrelated in some fashion, the effect of which is to maintain the sum of their plasma concentrations within nearly normal limits. Experiments 3 and 4 in table 2 indicate the extent of this interrelationship.
In experiment bicarbonate and 3, the initial two clearance periods serve as controls. Plasma chloride concentrations were within a range of low normal values, and urinary excretion of both bicarbonate and chloride was low.
As a consequence of the low bicarbonate excretion, the urine was moderately acid (pH 6 .24). The infusion of sodium chloride (3 per cent in periods 3 to 5,5 per cent in periods 6 to 8 at 10 cc. per min.) progressively increased the plasma chloride concentration from 97 to 150 millimols per liter.
Little change occurred in chloride excretion until period 5. At a plasma concentration of 118 millimols per liter a perceptible increase in excretion of chloride occurred, and accompanying this increase was an augmented excretion of bicarbonate and a consequent elevation of urinary pH.
Effects are more striking in periods 6 to 8 in which the plasma chloride concentration reached a value of 50 per cent above the initial control value, and in which chloride and bicarbonate excretion rose correspondingly.
It is obvious from these data that the increased bicarbonate excretion resulted not from any increase in the quantity filtered, but from a decrease in the quantity reabsorbed, i.e., from a lowering of the renal threshold.
Experiment 4 reversed the procedure of experiment 3. Elevation of plasma bicarbonate from low initial levels to levels within a range of normal (periods 5 and 6) was without effect on the excretion of either bicarbonate or chloride However, at high plasma bicarbonate levels (periods 7 and s>, increased excretion of bicarbonate was accompanied by decreased reabsorption and increased excretion of chloride. It is apparent from these experiments that the capacity of the renal tubules to reabsorb bicarbonate is reduced by presenting to them simultaneously an excess of chloride. Similarly their capacity to reabsorb chloride is reduced by presenting to them an excess of bicarbonate. Some of the variability in renal threshold and in bicarbonate reabsorptive capacity evident in the data of figures 1 and 2 may have been related to variations in plasma chloride concentration. centration. Bicarbonate excretion and acid-base equilibria in urine. Marshall (10) and Gamble (6) demonstrated that the concentration of bicarbonate in urines more acid than pH 6.0 is very low, and that it rises progressively in urines of increasing alkalinity, especially in those of pH 7.00 or above. They likewise demonstrated that excess body base is excreted almost entirely in the form of bicarbonate, which may increase to a value as high as 220 millimols per liter of urine. Since the carbon dioxide pressure of the urine roughly approximates that of the blood (5), urines collected so as to avoid loss of carbon dioxide are never more alkaline than pH 8.0. Thus large quantities of base can be eliminated in urine which is only slightly more alkaline than blood.
In figure 3 the bicarbonate concentrations of 160 urine samples collected in 24 experiments are plotted against urine pH.
The lowest urine pH was 4.96, the highest 7.96. The lowest bicarbonate concentration was 0.08 millimol per liter, the highest 197 millimols per liter.
Between these extremes the relationship between bicarbonate concentration and pH was a uniform regular one and approximated that demanded by the Henderson-Hasselbach equation, assuming a constant carbon dioxide pressure of 50 mm. Hg (cf. smooth curve).
However, the deviations from this theoretical curve are significant. Below pH 7.4 an assumed pressure of carbon dioxide of 50 mm. Hg is too high; above pH 7.6 it is too low.
Thus the finding by Gamble (5) that urine pC0, is relatively constant over a wide range of urine pH is not borne out by our data. One obvious cause for this discrepancy is the very wide range of plasma bicarbonate concentration in our studies, 10 to 70 millimols per liter, which far exceeded the range in Gamble's human subjects.
With such a range in plasma bicarbonate one would predict a wide range in plasma pCO,, and if urine pCO2 were related to plasma pCOz, a similar range in urine pC0, would be expected.
In figure 4 the pC0, of the urine is plotted against the pCO2 of the plasma, collected simultaneously.
Urine pCOz varied from 22 mm. Hg to 109 mm. Hg, whereas plasma pCO2 varied from 25 mm. Hg to 64 mm. Hg. Below a plasma pC0, of 40 mm. Hg there was relatively an even distribution of urine values above and below corresponding plasma values.
Above a plasma pCO2 of 40 mm. Hg, urine values tended to exceed plasma values.
We fully recognize that our figures for pCO,, since they are calculated, are subject to a number of sources of error such as variability of pK and CY factors in different samples of blood and urine, random analytical errors, and the possibility of loss of small amounts of carbon dioxide in some samples.
However, the following trends seem evident. 1. In acid urines, formed when plasma bicarbonate is subnormal, the urine pC0, tends to approximate the arterial plasma pCO2. Carbon dioxide diffuses rapidly through most tissues, presumably through the renal epithelium as well.
One would therefore predict that, within limits, equilibrium would be established between tubular urine, tubular cells, and renal venous blood with respect to carbon dioxide pressure.
Since our plasma values are arterial this could mean that in acidosis the renal venous pC0, is essentially the same as the arterial pCO,, i.e., the majority of the carbon dioxide produced in the oxidative metabolism of the kidney is added to the renal venous blood not as carbon dioxide, but as bicarbonate (cf. Pitts and Alexander (13, 15) ). 2. On the other hand, in alkaline urines formed when plasma bicarbonate is above normal, the urine pCO2 exceeds the arterial pCO2 by a considerable margin and no doubt exceeds the renal venous pco2.
This could well mean that a part of the reabsorption of bicarbonate occurs in that segment of the renal tubule which acidifies the urine by the exchange of intracellular H+ ion for Na+ ion of buffer salts present in the tubular urine (15) .
Such an exchange involving bicarbonate would lead to the formation of carbonic acid in the tubular urine.
Since the tubular urine contains no carbonic anhydrase, dehydration of carbonic acid to carbon dioxide and diffusion of carbon dioxide across the tubular epithelium into the renal venous blood might be suffi-PLASMA CO2 PRESSURE (MM. HG) Fig. 4 . The relationship between the partial pressure of carbon dioxide in plasma and in urine collected simultaneously.
The diagonal straight line indicates equivalence of partial pressure. The curve is the average of all points, fitted by inspection.
ciently delayed to permit a significant elevation in urine pCOz. Data presented below bear out this supposition.
The distal tubular reabsorption of bicarbonate and the mechanism for acidifying the urine. From a synthesis of the evidence obtained in the amphibian and mammalian kidney we infer that bicarbonate is reabsorbed by two dissimilar renal mechanisms located respectively in the proximal and distal tubules. In the frog and necturus the major part of the filtered bicarbonate is reabsorbed in the http://ajplegacy.physiology.org/ proximal segment of the renal tubules (22). Since the pH of the tubular urine at the end of the proximal segment is identical with that of the original filtrate, this reabsorptive process is an isohydric one (ll), i.e., bicarbonate, carbon dioxide, base and water are reabsorbed in the same proportions in which they exist in the original filtrate.
The remainder of the bicarbonate is ordinarily reabsorbed in the distal segment of the renal tubules, the process reaching completion at that level at which the urine attains its maximum acidity (11) . It was suggested above that this final anisohydric reabsorption of bicarbonate is accomplished by that selfsame mechanism which, by exchanging H+ ions for Na+ ions of urinary buffer salts, acidifies the urine (13, 15) . Two lines of experimental evidence support this view. ---When sulfanilamide is administered to an animal in acidosis wnose renal mechanism for excretion of titratable acid has been loaded by the infusion of phosphate, the capacity of the kidney to eliminate acid is reduced (13, 15) . As is evident from experiment 5 in table 3, the administration of sulfanilamide to a normal animal reduces the capacity of the kidney to reabsorb bicarbonate and causes the excretion of bicarbonate and the formation of an alkaline urine. In other experiments in which bicarbonate was administered at rates sufficient to saturate the reabsorptive mechanism, sulfanilamide likewise depressed reabsorptive capacity.
However, the extent of the depression in reabsorptive capacity is small in either circumstance, as would be expected if the majority of the bicarbonate were reabsorbed by a non-sulfanilamide-sensitive proximal tubular mechanism. We infer that the extra moiety of bicarbonate excreted after sulfa-nilamide is that which is normally reabsorbed by a process of distal tubular exchange of H+ ions for Na+ ions. Undoubtedly blockage of this mechanism is incomplete at the plasma concentrations of sulfanilamide attained in this experiment (4, 15) .
It is worthy of note that sulfanilamide did not effect the reabsorption or excretion of chloride, a point of significance to which we shall return later.
Another line of evidence implicates the mechanism of exchange of H+ ion for Na+ ion in the distal tubular reabsorption of bicarbonate. In experiment 6 of table 4 sodium phosphate was infused into an acidotic animal at such a rate as to maintain the plasma concentration of phosphate at a value some 5 times the normal throughout the course of the experiment. In the initial two control periods titratable acid3 was excreted at an average rate of 0.303 milliequivalent per minute.
The plasma bicarbonate was then elevated gradually from its initial low value to a value well within the range of normal by the infusion of sodium bicarbonate. The titratable acidity of the urine diminished and the pH of the urine rose as the quantity of filtered bicarbonate increased. Yet throughout periods 3 to 5 reabsorption of bicarbonate was nearly complete and little appeared in the urine. Only in periods 6 to 8 was excretion of bicarbonate significant. It is evident that the reabsorption of increasing quantities of bicarbonate in periods 3 to 5, unaccompanied by any increase in excretion, in some way diminished the quantity of titratable acid eliminated. We infer that both bicarbonate and phosphate serve as sources of Naf ions which are exchanged for H+ ions across the tubular epithelium. If little bicarbonate and much phosphate are present in 3 The fitratable acid figures are calculated from the pH of the urine and the excretion rate of creatinine and phosphate. Calculated and experimentally determined values agree within =t5 per cent. http://ajplegacy.physiology.org/ the tubular lumen at the site of the urinary acidification, large quantities of secondary phosphate are transformed into the primary form and the fitratable acidity of the urine is high. Such conditions are to be expected in acidosis.
On the other hand, if much bicarbonate is present in the tubular urine, a part is transformed into carbonic acid, relatively less of the phosphate is changed, and the titratable acidity of the urine is correspondingly reduced. Such conditions are to be expected in alkalosis. DISCUSSION. Three characteristics of the renal tubular mechanism for the reabsorption of bicarbonate admirably fit it for its function of stabilizing the alkali reserve of the plasma.
1. The mechanism is remarkably efficient in reabsorbing all but a trace of bicarbonate from the tubular urine when the plasma concentration is below normal.
Thus none of the depleted body store is wasted. 2. The mechanism is capable of reabsorbing on an average 2.5 millimols of bicarbonate from each 100 cc. of glomerular filtrate.
When more than this quantity is delivered into the glomerular filtrate as a consequence of an increase in plasma concentration, the excess is excreted in the urine.
Accordingly the plasma bicarbonate concentration tends to stabilize at 2.5 millimols per 100 cc., or as usually expressed, at 25 millimols per liter, when adequate supplies of base are available to the body.
3. The quantity of bicarbonate reabsorbed per unit of time varies directly and nearly proportionally with changes in the rate of glomerular filtration. Consequently the renal bicarbonate threshold is relatively stable and nearly independent of the glomerular filtration rate.
This latter characteristic sets the renal mechanism for reabsorption of bicarbonate apart from those for reabsorption of glucose (18)) vitamin C (19)) and phosphate (14) . The reabsorptive capacities of these latter mechanisms are fixed and independent of both glomerular filtration rate and plasma concentration (above the renal threshold).
It has been generally assumed that this type of reabsorptive limitation derives from the presence within the renal tubular cells of a fixed quantity of some cellular component with which the reabsorbed material combines in the process of tubular transfer (17) . The rate of breakdown of this tubular complex presumably limits the overall rate of reabsorption. Such a simple explanation obviously will not account for the reabsorption of bicarbonate. Although the quantity of bicarbonate reabsorbed per unit of time is independent of plasma concentration above the renal threshold, it varies directly with the filtration rate.
In attempting to visualize a means by which reabsorptive capacity could be correlated with filtration rate we have arrived at the following modification of Cushny's concept of the tubular reabsorption of fluid of constant composition (3). It is generally assumed that four-fifths of the water filtered through the glomeruli is reabsorbed in its passage through the proximal tubules by an obligatory process (20) . If this were true at all rates of glomerular filtration, and if the concentration of bicarbonate in this reabsorbate were limited to a value of not more than 2.5 millimols per 100 cc., the quantity of bicarbonate reabsorbed in the proximal tubule per unit of time would vary in proportion to the glomerular filtration rate. How the concentration of bicarbonate in the proximal reab-sorbate is limited to 2.5 millimols per 100 cc. is beyond our present comprehension of the problem. However, as a consequence of the operation of such a mechanism up to 2.0 millimols of bicarbonate could be reabsorbed in the proximal tubule from each 100 cc. of glomerular filtrate, i.e., 80 cc. of fluid containing 2.5 millimols per 100 cc. At normal plasma concentrations, roughly 0.5 millimol of bicarbonate would be delivered into the distal tubule for each 100 cc. of original filtrate.
If we assume that the distal tubule can reabsorb quantities of this order of magnitude, then the urine will be essentially free of bicarbonate.
When more than 0.5 millimol reaches the distal tubule, the excess is excreted.
Since proximal reabsorption is quantitatively much greater than distal reabsorption, total bicarbonate reabsorption would vary in rough proportion to glomerular filtration rate no matter what the characteristics of the distal mechanism might be. There is reason for believing that the distal reabsorptive mechanism differs from the proximal mechanism in at least two ways.
1. Distal reabsorption of bicarbonate is nearly, although not completely, independent of water reabsorption, whereas proximal reabsorption obviously is proportional to water reabsorption. The independence of distal reabsorption of water and of bicarbonate derives from the fact that in man urine flow can be varied over a wide range with only small changes in urine pH and hence only small changes in bicarbonate excretion .(I). Since variations in urine flow are effected largely through inverse variations in the quantity of water reabsorbed in the distal tubule (20) , it is evident that water and bicarbonate reabsorption are relatively independent. 2. Distal reabsorption of bicarbonate is an anisohydric process, whereas proximal reabsorption is probably an isohydric process.
Evidence presented in this paper supports the view that bicarbonate reabsorption is effected indirectly in the distal tubule by the exchange of H+ ions for Na+ ions, thereby converting bicarbonate in the tubular urine to carbonic acid. This carbonic acid on dehydration to carbon dioxide diffuses across the tubular epithelium into the renal venous blood. Failure to establish equilibrium across the tubular epithelium would account for the fact that the pCOz of urine is often higher than that of blood, especially when the distal mechanism is loaded and bicarbonate appears in the urine.
We have no direct evidence as to the nature of the proximal reabsorptive mechanism in the dog. Reabsorption in this segment of the amphibian kidney occurs isohydrically (11)) and we presume the same to be true of the mammalian kidney within limits.
However, experiments 3 and 4 indicate that there is a mutual interference in the reabsorption of bicarbonate and chloride when either anion is present in the tubular urine in large excess, and experiment 5 suggests that the site of this interaction is in the proximal, not the distal, tubule.
Sulfanilamide, which presumably depresses the distal reabsorption of bicarbonate, has no effect on chloride reabsorption.
From this we conclude that the distal chloride and distal bicarbonate reabsorptive mechanisms are independent, and that inter= action must occur in the proximal tubule.
SIJMMARY
The renal tubular reabsorption of bicarbonate in the normal dog has been assessed at plasma concentrations ranging from 10 to 70 millimols per liter.
1. Under the conditions of our experiments the renal threshold for gross excretion of bicarbonate is approximately 25 millimols per liter of plasma. I3elow the renal threshold essentially all of the filtered bicarbonate is reabsorbed. Above the renal threshold the rate of excretion of bicarbonate is a linear function of the plasma concentration.
2. On an average the renal tubules reabsorb 2.5 millimols of bicarbonate from each 100 cc. of filtrate when the plasma concentration is above the threshold. The excess filtered, over and above this limited quantity reabsorbed, is excreted in the urine.
3. Although the capacity of the tubules to reabsorb bicarbonate . iS independent of plasma concentration above the threshold, it is not fixed in the ordinary sense of Tm. Functional increases in filtration rate are accompanied by essentially equivalent increases in tubular reabsorptive capacity. Thus the quantity reabsorbed per 100 cc. of filtrate remains the same, and the renal threshold is independent of filtration rate.
4. The renal thresholds for chloride and bicarbonate are interrelated in such a fashion as to maintain constant the sum of the plasma concentrations of these two anions. Thus an increase in plasma chloride concentration reduces the renal threshold for bicarbonate, and conversely an increase in plasma bicarbonate concentration reduces the renal threshold for chloride.
5. The partial pressure of carbon dioxide in acid urines approximates that of the arterial plasma. In alkaline urines it exceeds that of the plasma by a considerable margin, attaining a maximum observed value of 109 mm. Hg. Under the conditions of our experiments acid urines contain a minimum of 0.08 millimol of bicarbonate per liter, whereas alkaline urines contain a maximum of 197 millimols per liter. Urine pH accordingly varies within limits of 4.96 and 7.96.
6. In acidosis the rate of excretion of titratable acid varies inversely with the quantity of bicarbonate reabsorbed by the renal tubules, even though the rate of excretion of bicarbonate is low and remains essentially unchanged. The administration of large amounts of sulfanilamide not only reduces the rate of excretion of titratable acid but reduces the capacity of the renal tubules to reabsorb bicarbonate. We interpret these two observations as indicating that bicarbonate is reabsorbed in small part by that distal tubular mechanism which is responsible for the elimination of titratable acid.
7. We infer from our data that a much larger moiety of bicarbonate is reabsorbed by an independent proximal tubular mechanism, the characteristics of which largely determine the overall lined in sections 1 to 4 above. nature of bicarbonate reabsorption as out-
